Covalently closed relaxed SV40 DNA [SV40(I')] generated by'polynucleotide ligase closure of nicked circular SV40 DNA was analyzed by agarose gel electrophoresis. The DNA can be resolved into a series of bands differing in superhelical density whose intensities are approximately symmetrical about a central most intense band. Densitometrlc analysis of the gel pattern has revealed that the distribution of DNA species conforms to a Boltzmann distribution and has enabled us to derive an equation for the free energy of superhelix formation for SV40 DNA. We believe the observed bands reflect the time-averaged distribution of thermally induced fluctuations in DNA chain conformation in solution at the time of ligase catalyzed phosphodiester bond formation. Densitometric analysis of native supercoiled SV40 DNA, partially unwound in the presence of ethidium bromide, demonstrates that the separation between adjacent bands is approximately half that seen with SV40(I'). Agarose gel electrophoresis was also used to measure the change in average base rotation angle as a function of temperature by a procedure independent of ethidium dye binding.
INTRODUCTION
Agarose gel electrophoresis has proven to be a highly versatile tool for analysis of DNA structure. It has been used extensively for molecular weight determinations and for analysis of restriction enzyme-generated DNA fragments (1) . Recently, Keller and Wendel (2) used agarose gels to follow the progressive relaxation of native supercoiled SV40 DNA [SV40(I)] after incubation with the DNA relaxation enzyme from KB cells. SV40(I) was converted from a rapidly migrating supercoiled molecule to a more slowly migrating covalently closed relaxed molecule through a series of discrete partially relaxed intermediates with superhelical densities ranging from zero to that of SV40(I). The fact that the partially relaxed intermediates migrated as discrete bands between SV40(I) and nicked circular SV40 DNA [SV40(II)l suggested that agarose gels are highly sensitive to the tertiary structure of covalently closed molecules. We have also observed similar multiple DNA species with electrophoretic mobilities intermediate between those of SV40-(II) and SV40(I). These species were apparent after electrophoresis of 
II. Electrophoresis
Electrophoresis was performed in 0.7Z agarose (Seakem) formed into 0.6 x 15 cm cylindrical gels or 24 x 13 x 0.4 cm slab gels. Buffer was circulated between the upper and lower buffer chambers in the slab gel apparatus so as to maintain constant pH-Electrophoresis buffer was 40 m M Tris, 5 m M sodium acetate, 1 m M EDTA adjusted to pH 8.2 with acetic acid (1).
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Cylindrical gels were run at 100V C6.7 V/cm) for 3-4 hours and slab gels at 60V for 18 hours (2.6 V/cm) at room temperature C21±2°C Reconstruction experiments showed that under the conditions used, peak'height in the densitometer trace was linearly proportional to DNA concentration.
Photographs not used for quantitation were taken with a Polaroid MP-4 camera Electrophoresis was performed on 0.7% agarose slab gels as described in Materials and Methods except that ethidium bromide was included in both the gel and electrophoresis buffer at a concentration of 15 ng/ml. Direction of migration is from left to right. The band at the extreme left is SV40(II). The data shown in Figure 5 gives an equation for the free energy of superhelix formation for SV40 DNA The observation that the distribution of T is different for SV40(I) and SV40(I') is quite significant. It implies that there are constraints on SV40 DNA in the cell which do not apply to that same DNA ^n_ vitro.
In vivo, SV40 DNA has bound to it a number of proteins, such as histones and relaxation enzymes, which are known to alter DNA conformation. The specific ways in which these proteins could act to generate the distribution seen for SV40(I) and why their absence prevents the same distribution from being seen for SV40(I') will be discussed in a subsequent paper (13) .
The experiments which allowed us to calculate base rotation angle variation as a function of temperature were designed to avoid ambiguities introduced as a result of uncertainties (14, 15) in estimating the unwinding angle due to ethidium binding. The technique we have employed has enabled us to observe directly the shift in band position as a function of the temperature of the ligation and thus to measure the change in base rotation angle in the absence of ethidium binding.
